Dulbecco and Weigle (1952) have shown that exposure of Escherichia coli to white light has a marked effect on the subsequent ability of the bacteria to liberate bacteriophage. In the case of strain B, exposures which do not reduce colony formation to any great extent, are sufficient to reduce the numbers of plaques of T2 by a very large amount. In strain K12, which carries prophage, previous illumination with white light reduces the number of bacteria which liberate mature phage after induction with ultraviolet radiation. Further aspects of the effect of illumination on strain B and the demonstration of its reversibility are reported below.
Dulbecco and Weigle (1952) have shown that exposure of Escherichia coli to white light has a marked effect on the subsequent ability of the bacteria to liberate bacteriophage. In the case of strain B, exposures which do not reduce colony formation to any great extent, are sufficient to reduce the numbers of plaques of T2 by a very large amount. In strain K12, which carries prophage, previous illumination with white light reduces the number of bacteria which liberate mature phage after induction with ultraviolet radiation. Further aspects of the effect of illumination on strain B and the demonstration of its reversibility are reported below.
MATERIAL AND METHODS
Phage Ti was used in all experiments. A high titer stock was prepared by the confluent lysis technique described by Adams (1950) . The stock was centrifuged twice at 40,000 X G and suspended in 2 per cent ammonium acetate. In this medium, bacterial growth through possible contamination does not occur and the phage titer remains constant over more than a year (Hill and Rossi, 1952) .
E. coli strain B was illuiminated in 0.85 per cent saline. A 2%-hr culture aerated in 0.8 per cent broth containing 0.1 N NaCl was washed twice and resuspended each time in saline to a final concentration of about 1 X 109 per ml. The illuminated suspension was then diluted 1:10 into broth without added saline for the study of adsorption. (Puck et al., 1951 mainder was centrifuged for 4 min at 3500 rpm and 0.1 ml of the supernatant was plated. For plating purposes, E. coli strain B grown on a nutrient agar slant were used. Bacterial assays were done on 0.1 ml samples removed from the adsorption tubes just before the addition of the phage. All bacterial assays were carried out in duplicate. For the phage assays, 3 plates were used for each determination. Between 100 and 500 plaques were counted on each plate. Since antiTi serum was not used, the plaque-forming ability of the bacteria was determined from the difference between the total number of plaques formed by the mixtures of phage and bacteria and the plaques due to free phage alone. The error involved in the difference between 2 values increases as the difference becomes smaller. Therefore, where the 2 values differ by less than a factor of 2, as is the case for the longer illumination times, the calculated value of the plaqueforming ability is given in parentheses to indicate that it is subject to a fairly large error.
The source of mumination was a 250 watt H-5 lamp filtered to pass a band from 3200 to 4600 A, with a peak at 3650 A. The lamp was 1 foot from the sample, and a 1-in. layer of 0.05 M CuCl2 was between the lamp and the sample in order to reduce the amount of heat reaching the bacteria. The bacteria wer illuminated in a closed petri dish and agitated continuously.
RESULTS
Bacterial survival, adsorption of Ti and plaque formation. When nonilluminated E. coli strain B were suspended in 0.85 per cent saline and tested after various intervals up to 6 hr, both the viability and plaque-forming ability were found to be unimpaired. These properties also remained unchanged if the organisms were suspended for 2 hr in saline which had previously been illuminated for 3 hr. Therefore it seems clear that illumination in saline affects the bacteria directly. figure 1 show the loss of the ability to form plaques of Ti. To broth suspensions of bacteria illuminated normal sequence of events involved in phage infection in lytic systems has proceeded to the point where the bacteria are killed. In this experiment, the bacteria were illuminated for 2 hours in saline and then 0.5 ml was diluted into 9 ml of broth at 37 C. One-tenth ml was removed for colony count. One-half ml of phage suspension The observed fraction of bacteria which survive the infection agrees closely with the fraction which is calculated as having adsorbed no phage. Therefore it appears that illuminated bacteria which adsorb phage are killed. It may be noted that this finding eliminates the possibility that illuiminated E. coli strain B are changed in such a way that they become lysogenized after infection.
Illumination of E. coli strain Blr. The E. coli B mutant designated B/r (Witkin, 1946) , is characterized by its greater resistance to both X-rays and ultraviolet of wave length 2537 A. Its behavior after illumination was compared with that of the parent type.
E. coli strain B/r was isolated by exposing E. coli strain B in saline-phosphate buffer to 550 ergs/mm2 of ultraviolet radiation2 from a 15-watt GE sterilamp. A surviving colony was picked, suboultured, and tested for its sensitivity to 2537 A. The curves for survival of E. coli strain B and E. coli strain B/r to 2537 A are very similar to those obtained by Witkin. The Recovery of plaque formation by illuminated E. coli 8train B. E. coli were illuminated for 2 hours, as described above. One ml of the suspension was then added to each of a series of tubes containing 8 ml of broth at 37 C. After varying times, a sample was withdrawn for colonycount and one ml of Ti suspended in broth was then added. The concentration of total plaque formers and free phage was determined after 8 minutes of adsorption. The results are shown in table 4.
The differences between the total viable infective centers and the free phage are not large because the free phage titer does not remain constant.3 Therefore the calculated plaqueforming abilities, particularly for the shorter incubation times are not so accurate as might be desired. Nevertheless, it can be seen that there is a steady increase in plaque-forming ability as a function of incubation time of the Muminated bacteria. Therefore, it may be concluded that incubation at 37 C results in a recovery of phage production by illuminated bacteria. Since in the time required for recovery, the bacterial population does not increase significantly, it seems that the phages are reproduced in the original illuminated bacteria rather than in their progeny.
DISCUSSION
The data presented here suggest several conclusions concerning the effects of illuminating E. 3This effect is due to a decrease in phage adsorption, not related to the illumination. It will be reported in detail in a subsequent publication.
coli strains B and B/r. The dos required for killing are very much higher than the doses required to halt phage production. One interpretation is that the different effects are due to absorption of the radiation by at least two different compounds. If only one compound absorbs the radiation, then either the illuminated bacterium can multiply by an alternative metabolic pathway or else the quantity of this hypothetical compound which is required for phage production must be critically higher than that required for bacterial multiplication. The possibility of bacterial multiplication through an alternative route seems unlikely in view of the fact that the radiation does eventually kill the bacterium. The evidence so far strongly indicates that the compound or compounds involved are not a direct part of the genetic apparatus of the bacterium. The wavelength range of 3200 to 4600 A is too long for nucleic acid absorption. In addition, at the wavelength which is absorbed by nucleic acid-2537 A-the effects are just the reverse of those reported here. Anderson (1948) has shown that E. coli strain B which have been exposed to such heavy doses of short ultraviolet that very few colony formers remain, can nevertheless produce T2. Finally the similarity of behavior of mluminated B and B/r, which differ in their sensitivity to 2537 A, is understandable if the same material is absorbing the longer radiation in both and is present in about the same amounts.
It has been shown here that illuminated bacteria can recover their ability to produce phage, if they are incubated in nutrient medium before infection. Since the demonstration of the presence II)3A HILL on October 15, 2017 by guest http://jb.asm.org/ Downloaded from or absence of phage production consisted in plating out the infected bacteria on nutrient agar, it seems obvious that recovery of the ability to produce phage cannot occur in the already infected bacterium. If it could, failure to produce phage would not be observed because the infected bacterium would recover once it was plated on nutrient medium. Incubation of plates containing phage adsorbed to illuminated bacteria for as long as 24 hours, did not reveal any recovery of plaque formation. The nonrecovered bacterium can still adsorb phage and be killed. Therefore it seems likely that phage production is halted at some stage beyond invasion at which some vital material is missing. This material can be regenerated by the uninfected bacterium but cannot once phage infection has occurred.
If some steps in the mechanism of production of mature phage are the same in lytic systems and in lysogenic bacteria which already carry the phage in some very immature form (Jacob and Woilman, 1953) , then the findings reported here may also apply to those reported by Dulbecco and Weigle (1952) for E. coli strain K12. If strain K12 is illuminated first, then a dose of the shorter ultraviolet sufficient to induce 99 per cent of nonilluminated cells induces only 1 per cent of the illuminated cells. It may be that the inducing dose starts the process by which the prophage is converted to vegetative phage. However, if illrlmination has removed some material needed in a step beyond the conversion to vegetative phage, i.e., the same step that occurs in normal lytic systems, then phage production would be stopped. It would be interesting to see whether induction reverts to normal if the bacteria are left in nutrient medium for some time before the application of the inducing dose.
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SUMMARY
The failure of illuminated Escherichia coli strain B to produce phage is not due to a failure to adsorb. Illuminated bacteria are killed by the phage they adsorb.
E. coli strain B/r behaves like strain B in its reaction to illumination.
Illuminated bacteria recover their ability to produce phage if they are allowed to incubate in nutrient medium before infection. This may be due to resynthesis by metabolizing bacteria of a nongenetic component affected by the illumination.
